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(57) ABSTRACT

A diagnostic device 1s provided for a multi-voltage electrical
system of a motor vehicle which has a first subnetwork acted
on by a first voltage and a second subnetwork acted on by a
second voltage, the first voltage being higher than the second
voltage, and the first and the second subnetwork having a
shared ground connection. The diagnostic device includes a
second ground connection, a measuring unit configured to
measure a current flow via the second ground connection, and
a diagnostic unit configured to diagnose a disturbance in the
shared ground connection and/or in the second ground con-
nection on the basis of the measured current flow via the
second ground connection as a function of at least one oper-
ating state of the vehicle electrical system.
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DIAGNOSTIC DEVICE FOR A
MULTI-VOLTAGE VEHICLE ELECTRICAL
SYSTEM, A MULTI-VOLTAGE VEHICLE
ELECTRICAL SYSTEM, AND A METHOD
FOR OPERATING A MULTI-VOLTAGE
VEHICLE ELECTRICAL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a protective and/or diag-
nostic device for a multi-voltage electrical system of a motor
vehicle, a corresponding multi-voltage vehicle electrical sys-
tem, and a method for operating a multi-voltage vehicle elec-
trical system.

2. Description of the Related Art

Multi-voltage electrical systems for motor vehicles are
known 1n general. They are used because a single voltage
supply 1s often no longer suificient due to the increasing
number of electrical consumers 1n motor vehicles and/or con-
sumers having different nominal voltages are used. Multi-
voltage vehicle electrical systems typically imnclude subnet-
works having different voltage levels of 12V and 42 V, for
example. It 1s also known to connect subnetworks via one
DC/DC converter, so that they may be supplied via a shared
generator.

Within the scope of this application, dual-voltage vehicle
clectrical systems, 1.e., multi-voltage vehicle electrical sys-
tems having only two subnetworks of different voltage levels,
are predominantly considered. The present invention 1s, how-
ever, not limited to dual-voltage vehicle electrical systems, as
clucidated below.

The subnetworks are frequently connected to one shared
ground conductor. In practice, this 1s not easily preventable,
since electrical machines, for example, which have their
ground connection via the housing and a mechanical connec-
tion via the internal combustion engine, would otherwise
have to be 1insulated electrically against the internal combus-
tion engine. An electrical insulation of this type 1n a place
which 1s subjected to great mechanical stresses 1s, however,
associated with considerable complexity, since the material
properties of an msulating material are not always reconcil-
able with the mechanical requirements.

However, a problem arises due to the shared ground con-
nection 11 the shared ground wire 1s disrupted. In this case, a
polarity reversal of the electrical consumers may occur 1n a
subnetwork having a lower voltage level, as elucidated below
in conjunction with FIG. 1.

To protect against such a polarity reversal, published Ger-
man patent application document DE 199 61 622 A1l proposes
in the case of a dual-voltage vehicle electrical system, which
has two electrically connected subnetworks of different volt-
age levels 1n which electrical consumers are situated, to place
a protective diode into the vehicle electrical system having the
lower voltage level 1n parallel to the electrical consumers.

In this way, the polarity reversal voltage of the electrical
consumers 1s limited to the conducting-state voltage of the
diode in the event of a grounding fault. A fuse which 1s
coordinated with the maximum current intensity of the diode
may be situated in the vehicle electrical system having the
lower voltage level. A similar approach using a protective
diode 1s disclosed 1n published German patent application
document DE 101 38 477 Al.

Published international patent application document WO
01/47084 A1 proposes the use of a voltage measuring device
in order to recognize an overvoltage in a subnetwork having
the lower voltage level. If this voltage measuring device rec-
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ognizes an overvoltage, the consumers relevant in this case
are disconnected from the network. Published European
patent application document EP 1 433 171 Al proposes cor-
responding switching means for the consumers’ protection.

However, the measures known from the related art fre-
quently prove to be complex and ineffective. Therefore, the
need continuously exists to provide possibilities of reliably
recognizing and/or preventing a polarity reversal of consum-
ers 1n the case explained above.

BRIEF SUMMARY OF THE INVENTION

Against this background, the present invention proposes a
protective and/or diagnostic device for a multi-voltage elec-
trical system of a motor vehicle, a corresponding multi-volt-
age vehicle electrical system, and a method for operating a
corresponding multi-voltage vehicle electrical system.

With the aid of the approach proposed according to the
present mnvention, a polarity reversal of a subnetwork having
the lower voltage level (also referred to 1n the following as a
“low-voltage network™) may be reliably recognized and/or
prevented 1n a corresponding multi-voltage vehicle electrical
system having subnetworks of different voltage levels. For
this purpose, at least one other ground connection, 1n particu-
lar in a subnetwork of the higher voltage level (also referred to
in the following as a “high-voltage network™), 1s also pro-
vided 1n addition to a first shared ground connection. A cur-
rent flow 1s measured and diagnosed via this at least one other
ground connection. The approach according to the present
invention 1s based on the finding that due to the parasitic
activities 1n the particular components of the vehicle electri-
cal system in the case of two or more ground connections
which are situated accordingly, the current flows via these
ground connections characteristically become pronounced 1n
different operating states of the vehicle electrical system and
offer diagnostic possibilities.

In other words, the present invention proposes to provide at
least one other redundant ground connection, namely 1n par-
ticular 1n a subnetwork of higher voltage. Here, the placement
preferably takes place 1n an existing component 1n the high-
voltage network (also referred to in the following as a “high-
voltage component™). This component 1s advantageously a
generator, 1n particular a starter generator, which 1s situated
on an internal combustion engine of a motor vehicle and
which 1s conductively connected to this motor vehicle via a
housing, for example. As elucidated below, a connection may,
however, also take place directly on an internal combustion
engine.

The at least one other ground connection 1s 1n this case
equipped with a current estimation device (referred to as a
“measuring means” within the scope of this application)
which 1s configured to measure a current, which flows via the
at least one other ground connection, and to check 1t for
plausibility as a function of an operating state with the aid of
also provided diagnostic means, as elucidated below. In this
way, a disruption or another type of interruption of one of the
ground connections 1s already recognizable and a polarity
reversal ol a vehicle electrical system may be reliably pre-
vented.

With the aid of the measures proposed according to the
present invention, an alternative 1s provided to an electrical
insulation of corresponding high- or low-volt components
against an internal combustion engine. An electrical 1nsula-
tion 1 places which are subjected to great mechanical
stresses, which, as mentioned above, 1s frequently only pos-
sible with great effort, may thus be dispensed with.
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As already mentioned above, the present invention 1s based
on the fact that characteristic current distribution patterns
form due to the parasitic activities in the components of the
vehicle electrical system during different operating states.
Such current distribution patterns become pronounced 1n par-
ticular during high currents, so that a diagnosis according to
the present invention advantageously takes place in particular
during starting operations of an internal combustion engine.
Here, there 1s a considerable difference between a so-called
cold or imitial start and a so-called warm start. This 1is
explained below 1n greater detail, in particular 1n conjunction
with FIGS. 3 and 4.

The measures according to the present invention are 1n this
case particularly employable in motor vehicles 1n which dur-
ing a cold start, the start of the internal combustion engine
takes place with the aid of a so-called pinion starter, 1.e., a
starter motor which 1s connected to a subnetwork having a
low voltage level, 1.e., the low-voltage network. During a
warm start, however, the start of an internal combustion
engine takes place i such systems with the aid of a motor-
driven starter generator in the high-voltage network.

In one particularly advantageous specific embodiment, 1t 1s
provided that one other ground connection and one shared
ground connection are connected 1n parallel 1n such a way that
the currents flowing via the starter and the starter generator
flow via the shared ground connection and the other ground
connection, when the internal combustion engine 1s started 1n
the event of an undisrupted shared ground connection and an
undisrupted other ground connection.

It 1s particularly advantageous that the other ground con-
nection and the shared ground connection are connected in
parallel 1n such a way that during a cold start with the aid of
the starter motor, a larger portion of the occurring currents
flows via the shared ground connection and the remaining,
smaller portion of the occurring currents tlows via the other
ground connection.

Furthermore or alternatively, it 1s advantageous that the
other ground connection and the shared ground connection
are connected 1n parallel 1n such a way that during a warm
start with the aid of the starter generator, a larger portion of the
occurring currents flows via the other ground connection and
the remaining, smaller portion of the occurring currents flows
via the shared ground connection.

It may advantageously be provided to ascertain the corre-
sponding currents 1n each case during regular operation with
the aid of a learning function for different operating states of
the motor vehicle and to store them in diagnostic means, for
example. In other words, a protective and/or diagnostic
device according to the present invention will continuously
measure and store currents during regular operation. If the
currents measured via the at least one other ground connec-
tion deviate from the stored currents, 1t may be assumed that
at least one of the ground connections 1s disrupted. In this
context, corresponding threshold values or tolerance ranges
may be used.

Although the present invention 1s largely described here
with reference to vehicle electrical systems having two sub-
networks, the finding according to the present invention that
in the case of multiple ground connections, characteristic
current distribution patterns become pronounced 1n different
operating states due to the parasitic activities present 1n a
vehicle electrical system, may also be used 1n vehicle electri-
cal systems having more than two subnetworks, 1.e., in multi-
voltage vehicle electrical systems 1n general. The provision of
multiple other ground connections 1s also possible and rea-
sonable, since a redundant diagnosis 1s made possible 1n this
way.
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An arithmetic unit according to the present invention, e.g.,
a control umit of a motor vehicle, 1s designed to carry out a
method according to the present invention, in particular from
a programming point of view. The elucidated diagnostic
means may, 1n particular, be implemented as part of a corre-
sponding control unit.

In one particularly advantageous aspect of the present
invention, the other ground connection 1s situated directly on
the generator, and the elucidated diagnostic means are imple-
mented as part of an activation of the generator, 1n particular
integrated into the generator. In this way, the wiring 1s par-
ticularly simple.

In one particularly advantageous aspect of the present
invention, the other ground connection 1s situated directly on
the starter generator, and the elucidated diagnostic means are
implemented as part of an activation of the starter generator,
in particular integrated into the starter generator. In this way,
the wiring 1s particularly simple.

It 1s also advantageous to implement the protective and/or
diagnostic method in the form of software, since this 1s par-
ticularly cost-effective, in particular when an executing con-
trol unit 1s used for other tasks and 1s thus present anyway.
Suitable data carriers for providing the computer program

are, 1n particular, tloppy disks, hard drives, flash memories,
EEPROMSs, CD-ROMs, DVDs, and many others. It 1s also
possible to download a program via computer networks (In-
ternet, Intranet, etc.).

The present invention 1s schematically 1llustrated 1n the
drawing on the basis of an exemplary embodiment and 1s
described in greater detail below with reference to the draw-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a dual-voltage vehicle electrical system dur-
ing regular and fault operations 1n a highly schematic repre-
sentation.

FIG. 2 shows a dual-voltage vehicle electrical system hav-
ing a protective and/or diagnostic device according to one
particularly preferred specific embodiment of the present
invention 1n a schematic representation.

FIG. 3 shows current paths 1n a dual-voltage vehicle elec-
trical system according to one particularly preferred specific
embodiment of the present invention during regular and fault
operations 1n a first operating state.

FIG. 4 shows current paths 1n a dual-voltage vehicle elec-
trical system according to one particularly preferred specific
embodiment of the present invention during regular and fault
operations 1n a second operating state.

FIG. 5 illustrates parasitic activities 1n a dual-voltage
vehicle electrical system according to one particularly pre-
terred specific embodiment of the present invention 1n the
form of a simplified equivalent circuit diagram.

BRIEF DESCRIPTION OF THE INVENTION

FIG. 1 shows a dual-voltage vehicle electrical system 1n a
highly schematic representation which 1s designated by ref-
erence numeral 100 as a whole. A regular operation having an
intact ground connection GM and a fault operation having a
disrupted, e.g., interrupted, ground connection GM' are 1llus-
trated.

Dual-voltage vehicle electrical system 10 has two subnet-
works 11, 12, of which a first subnetwork 11 represents the
subnetwork of higher voltage and another subnetwork 12
represents the subnetwork of low voltage.
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Subnetwork 11 has a first energy store B1, e.g., a lithium-
ion accumulator, a capacitive store, or a conventional vehicle
battery. First energy store B1 provides, for example, a voltage
of +48 V and 1s connected on 1ts ground side to a shared
ground connection GM. In first subnetwork 11, a {irst con-
sumer V1 1s situated which 1s symbolized by a simplified
equivalent circuit diagram. During regular operation, a regu-
lar current flow R1 results in first subnetwork 11.

The other subnetwork 12 also includes an energy store B2
and consumers V2 and V3. Energy store B2 may be imple-
mented as energy store Bl elucidated above and supplies a
lower voltage, e.g., a voltage of +12 V, than energy store B1.
During regular operation, a regular current flow R1 results in
second subnetwork 12.

If an interruption of the ground connection to shared
ground connection GM takes place, as 1llustrated by the arrow
designated with reference symbol GM', fault current F flows,
due to which the polarity of consumers V2 and V3 situated 1n
the other subnetwork 12 1s reversed and they are acted on by
a corresponding polarity reversal voltage of 36 Volts.

FI1G. 2 shows a dual-voltage vehicle electrical system hav-
ing a protective and/or diagnostic device 1 according to one
particularly preferred specific embodiment of the present
invention and also designated with reference numeral 10 as a
whole. Dual-voltage vehicle electrical system 10 includes
those components which were already elucidated 1n conjunc-
tion with FIG. 1, but these components are shown in an
alternative representation.

In the dual-voltage vehicle electrical system, first energy
store B1 1s 1llustrated in first subnetwork 11, as already elu-
cidated 1n conjunction with FIG. 1. First energy store Bl 1s
switchably connected via switches SW1 and SW2 and con-
nected to a ground connection GB1. A second energy store
B2, as also previously elucidated, i1s provided in the other
subnetwork 12 and connected to a ground connection GB2.
The dual-voltage vehicle electrical system includes an 1nter-
nal combustion engine M which 1s connected to a ground
connection GM. Ground connections GM, GB1, and GB2 are
generally a shared ground connection. A generator G which 1s
advantageously designed as a startable generator, 1.e., as a
generator which may be operated by a motor, 1s connected to
internal combustion engine M. Generator G 1s conductively
connected to internal combustion engine M via a housing.
The same applies to a starter motor S, e.g., in the form of a
pinion starter, which 1s also conductively connected to inter-
nal combustion engine M. Generator G and starter motor S,
together with two other components which are not 1llustrated,
are connected to first B1 and second B2 energy stores.

According to the present invention, a protective and/or
diagnostic device 1 1s provided which may also include cor-
responding diagnostic and evaluation means 2. Diagnostic
and evaluation means 2 may in this case be advantageously
provided 1n a control unit for internal combustion engine M.
Protective and diagnostic device 1 monitors another ground
connection GG via which a current 1s measured and may be
checked for plausibility as a function of an operating state of
the vehicle electrical system or the motor vehicle. As a result,
an 1nterruption of one of ground connections GG or GM 1s
detectable and a polarity reversal of the vehicle electrical
system may be prevented.

FIG. 3 shows a current path 1n a dual-voltage vehicle elec-
trical system according to one particularly preferred specific
embodiment of the present mvention during a normal and a
fault operation 1n a first operating state, 1n this case during a
cold start of internal combustion engine M with the aid of
starter motor S. FIG. 3 includes the essential components of
FIG. 2 which are not elucidated here again.
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In FIG. 3, fault currents are illustrated using dashed arrows
and regular currents, 1.e., currents as they occur during regular
operation without interrupted ground lines, are illustrated

using solid arrows and they are identified by reference sym-
bols F (fault) and R (regular), respectively. The thickness of
the arrows corresponds to the flowing current portions or
current intensities i each case according to their order of
magnitude.

Due to the parasitic activities, which are elucidated below
in greater detail in conjunction with FIG. 5, 1in the components
of dual-voltage vehicle electrical system 10, a larger portion
(as 1llustrated by the thick solid arrow) of the occurring cur-
rents flows at the start (with the aid of starter motor S) of
internal combustion engine M during regular operation, 1.e.,
in the case of undisturbed ground connection GM, via second
energy store B2, starter motor S, a motor block of internal
combustion engine M, and shared ground connection GM. A
smaller portion flows via ground connection GG of protective
and diagnostic device 1.

In the event of an error which, as mentioned above, 1s
illustrated by dashed arrows and in which shared ground
connection GM 1s disrupted, a current flows from second
energy store B2 via starter motor S, mnternal combustion
engine M, generator 1, and ground connection GG.

In this way, it may be determined at the start (with the aid
ol starter motor S) of internal combustion engine M that an
interruption in the ground connection of internal combustion
engine G has occurred 1f a correspondingly high current flows
via the at least second ground connection of the protective and
diagnostic device. A corresponding evaluation device 2 may
have threshold value functions in this case which define a
maximum threshold value for a “permissible” current via the
other ground connection GG.

FIG. 4 shows a current path in a dual-voltage vehicle elec-
trical system according to one particularly preferred specific
embodiment of the present mvention during a normal and a
fault operation 1n a second operating state, 1n this case for a
warm start of internal combustion engine M with the aid of
(motor-driven) generator G. Here, too, the essential compo-
nents correspond to those of FIGS. 2 and 3, so they are not
clucidated again.

In the case of a warm start, an interruption of the connec-
tion may be detected via the other ground connection GG.
During regular operation, also illustrated here by solid arrows
of corresponding thickness, a larger portion of the currents
flows via shared ground connection GM due to the parasitic
activities present 1n the components of the vehicle electrical
system and only a comparatively small portion flows via the
other ground connection GG. In the event of an error in which
an mterruption has occurred 1n the other ground connection
GG, the entire current tlows via shared ground connection
GM. A reduction of a current via the other ground connection
GG compared to an “expected” value therefore allows an
error to be correspondingly diagnosed in the other ground
connection GG.

Overall, appropriate measures may thus be taken in the
event of an interruption or disruption either in shared ground
connection GM or in the other ground connection GG, 1.¢., for
example, a first energy store of higher voltage may be discon-
nected from the vehicle electrical system via switch SW1
and/or SW2 in order to prevent a polarity reversal of consum-
ers V2 and V2 from taking place in the low-voltage network.

As elucidated above, the at least one other ground connec-
tion GG may be provided at different positions, as long as 1t 1s
ensured that corresponding characteristic current distribution
patterns form. Another ground connection GG may also be
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provided at internal combustion engine M 1f the measuring,
means are implemented accordingly.

FIG. 5 shows a purely exemplary dual-voltage vehicle
clectrical system 1n the form of an equivalent circuit diagram.
The inductances and resistances indicated 1n each case are
summarized 1n the following table. In sum, they result 1n the
current distribution patterns mentioned above becoming pro-
nounced.

Element Value Explanation
101 1-5 pH inductance (L) supply line
102 1 nH L. screw connection (generator)
103 1 uH L. ground (generator)
104 1 nH L. motor block
105 200 nH L. ground band
106 1 nH L. screw connection (starter motor)
107 1-5 uH L supply line (starter motor)
111 2-8 m¢2 resistance (R) supply line
112 250 uf R screw connection (generator)
113 2.51 m& R ground (generator)
114 10 pg2 R motor block
115 1.216 m£2 R ground band
116 250 uf R screw connection (starter motor)
117 2-8 mg2 R supply line (starter motor)

What 1s claimed 1s:

1. A diagnostic device for a multi-voltage electrical system
ol a motor vehicle having an internal combustion engine, the
multi-voltage vehicle electrical system including a first sub-
network acted on by a first voltage and at least one other
subnetwork acted on by at least one other voltage, the first
voltage being higher than the at least one other voltage, and
the first subnetwork and the at least one other subnetwork
having a shared first ground connection, the diagnostic device
comprising;

at least one second ground connection; and

processing circuitry that 1s programmed to perform a diag-

nostic function, wherein:

the diagnostic function includes diagnosing a distur-
bance 1n at least one of the shared first ground con-
nection and the at least one second ground connection
based on (a) an obtained measurement of a current
flow via the at least one second ground connection,
and (b) at least one operating state of the multi-voltage
vehicle electrical system; and

the atleast one second ground connection and the shared
first ground connection are connected 1n parallel such
that currents flowing via a starter situated in the sec-
ond subnetwork and a generator situated in the first
subnetwork tlow via the shared first ground connec-
tion and the at least one second ground connection
when the internal combustion engine 1s started under
the conditions of the shared first ground connection
being undisrupted and the at least one second ground
connection being undisrupted.

2. The diagnostic device as recited 1n claim 1, wherein the
at least one second ground connection and the shared first
ground connection are connected 1n parallel 1n such a way that
during a cold start with the aid of the starter, a larger portion
of the flowing currents tlows via the shared first ground con-
nection and the remaiming, smaller portion of the flowing
currents flows via the at least one second ground connection.

3. The diagnostic device as recited in claim 2, wherein:
the generator 1s a starter generator; and
the at least one second ground connection and the shared

first ground connection are connected 1n parallel 1n such

a way that during a warm start with the aid of the starter
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generator, a larger portion of the flowing currents tlows
via the at least one second ground connection and the
remaining, smaller portion of the flowing currents flows
via the shared first ground connection.

4. The diagnostic device as recited 1n claim 3, wherein the
shared first ground connection 1s provided on the internal
combustion engine of the motor vehicle, and wherein at least
one component of the first subnetwork and at least one com-
ponent of the at least one other subnetwork are connected to
the shared first ground connection.

5. The diagnostic device as recited 1n claim 3, wherein the
at least second ground connection 1s a ground connection of
the generator which 1s conductively connected to the internal
combustion engine.

6. The diagnostic device as recited 1n claim 3, wherein the

first voltage 1s 48 V and the at least one other voltage 1s one of
12Vorl14 V.

7. The diagnostic device as recited 1n claim 3, wherein the
first subnetwork 1s acted on by the first voltage with the aid of
at least one voltage source, and the at least one other subnet-
work 1s acted on by the at least one other voltage with the aid
of at least one other voltage source.

8. A multi-voltage electrical system for a motor vehicle,
comprising;

a first subnetwork acted on by a first voltage;

at least one other subnetwork acted on by at least one other

voltage, wherein the first voltage 1s higher than the at
least one other voltage, and the first subnetwork and the
at least one other subnetwork have a shared first ground
connection; and

a diagnostic device including:

at least one second ground connection; and
processing circuitry that 1s programmed to perform a

diagnostic function, wherein:

the diagnostic function includes diagnosing a distur-
bance 1n at least one of the shared first ground
connection and the at least one second ground con-
nection based on (a) an obtained measurement of a
current flow via the at least one second ground
connection, and (b) at least one operating state of
the multi-voltage vehicle electrical system; and

the at least one second ground connection and the
shared first ground connection are connected in
parallel such that currents flowing via a starter situ-
ated 1n the second subnetwork and a generator situ-
ated 1n the first subnetwork flow via the shared first
ground connection and the at least one second
ground connection when the internal combustion
engine 1s started under the conditions of the shared
first ground connection being undisrupted and the
at least one second ground connection being undis-
rupted.

9. A method for operating a diagnostic device for a multi-
voltage electrical system of a motor vehicle having an internal
combustion engine, the multi-voltage vehicle electrical sys-
tem 1ncluding a first subnetwork acted on by a first voltage
and at least one other subnetwork acted on by at least one
other voltage, the first voltage being higher than the at least
one other voltage, and the first subnetwork and the at least one
other subnetwork having a shared first ground connection, the
diagnostic device including at least one second ground con-
nection, and processing circuitry programmed to perform a
diagnostic function, the method comprising:

obtaining, by the processing circuitry, a measurement of a

current tlow via the at least one second ground connec-
tion; and
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diagnosing, by the processing circuitry performing the
diagnostic function, a disturbance 1n at least one of the
shared first ground connection and the at least one sec-
ond ground connection on the basis of the obtained
measurement and as a function of whether the internal 5
combustion engine 1s started in one of a cold start con-
dition or a warm start condition.
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